Introduction: Predicting severity of pancreatitis is an important goal. Clinicians are still searching for novel and simple biomarkers that can better predict persistent organ failure (OF). Lipoproteins, especially high-density lipoprotein (HDL), and apolipoprotein A-I (APO A-I), have been shown to have anti-inflammation effects in various clinical settings. Severe acute pancreatitis (SAP) is associated with hypo-lipoproteinemia. We studied whether the concentrations of HDL and APO A-I can predict persistent OF in patients with predicted SAP admitted to the ICU. Methods: In 66 patients with predicted SAP, we prospectively evaluated the relationship between lipid levels, inflammatory cytokines and clinical outcomes, including persistent OF and hospital mortality. Blood samples were obtained within 24 hours of admission to the ICU. Results: HDL and APO A-I levels were inversely correlated with various disease severity scores. Patients with persistent OF had lower levels of HDL and APO A-I, while those with transient OF had lower levels of interleukin-6, tumor necrosis factor-α and lower rates of hospital mortality. Meanwhile, hospital non-survivors had lower concentrations of HDL, and APO A-I compared to the survivors. By using the area under the receiver operating characteristic (AUROC) curve, both HDL and APO A-I demonstrated an excellent discriminative power for predicting persistent OF among all patients (AUROC 0.912 and 0.898 respectively) and among those with OF (AUROC 0.904 and 0.895 respectively). Pair-wise comparison of AUROC showed that both HDL and APO A-I had better discriminative power than C-reactive protein to predict persistent OF.
Introduction
Acute pancreatitis represents an acute inflammatory disorder with variable severity ranging from mild, self-limited disease to a severe inflammatory cascade associated with multiple-organ failure. Despite the improvements in critical care, severe acute pancreatitis (SAP) is still associated with a high mortality rate [1] . Although the incidence of organ failure in the early phase (within the first week) varies among different studies [2] [3] [4] [5] [6] , persistent organ failure (OF) has been shown to be the major determinant of clinical outcomes [6, 7] . These observations have led to modified definitions of SAP, which recognize the importance of persistent OF and introduce a new subclassification of moderately severe pancreatitis based on the presence of transient OF [8, 9] .
It is important to stratify the severity of acute pancreatitis. First, early identification of patients with potential SAP may facilitate timely referral to specialists. Second, for specialists, severity-stratification of those patients makes triage and comparison between different studies possible. However, when organ failure is present in the early phase, it may be difficult to determine the final degree of severity because it is unknown whether the patient will prove to have persistent or transient OF.
It has been shown that the concentrations of total cholesterol and lipoproteins decrease in the early stages of critical illness [10] [11] [12] . Indeed, the pattern of early rapid decline is found primarily in the high-density lipoprotein (HDL) [12] . Moreover, the protein composition of HDL is markedly altered as well, with the apolipoprotein A1 (APO A-I) depleted [12] .
Apo A-I is the major protein component of HDL. APO A-I plays an essential role in cholesterol homeostasis by transporting excessive cholesterol from extrahepatic tissues to the liver. Aside from this biological function, recently, more emphasis has been placed upon its anti-inflammatory effects. Apo A-I can attenuate lipopolysaccharide-induced cytokine secretion in a mode of protein-endotoxin interaction, even without its physiological lipid complement [13, 14] . Furthermore, elevated cytokines can downregulate hepatic synthesis of HDL and APO A-I [15] .
Although there have been studies of lipoprotein profile in acute pancreatitis [16] [17] [18] , there has been no report on the specific role of lipoprotein in predicting severity using the most updated definition. The results of previous studies raise the possibility that the levels of lipoprotein may play a role in assessing disease severity [17, 18] . However, these studies had several limitations, including retrospective design [17] , and inconsistent definitions of severity ranging from severe pancreatitis based on the Atlanta criteria to mortality [17, 18] . None of these studies evaluated persistent OF, which has become recognized as the most clinically relevant indicator of disease severity. Furthermore, these studies have mainly focused on the analysis of total cholesterol, triglycerides, LDL or HDL cholesterol. APO A-I levels have rarely been reported, even though APO A-I represents the major protein component of HDL, modulating inflammation.
We hypothesized that low levels of lipoprotein are associated with a more pronounced inflammatory state in patients with predicted SAP and may serve as a marker to discriminate persistent OF from transient OF upon admission to ICU. Therefore, we conducted this prospective observational investigation to study whether low concentrations of APO A-I and HDL are associated with persistent OF and hospital mortality. Other potential indicators of inflammation such as C-reactive protein (CRP), TNF-α and IL-6 were also measured.
Material and methods

Patient information, data collection and definitions
This study was conducted with the approval of the institutional review board of Chang Gung Memorial Hospital, Taiwan and in accordance with the Declaration of Helsinki of the World Medical Association. Formal consent was obtained from the patient or the next of kin. The study was performed in the ICU of two university-affiliated hospitals between February 2008 and September 2011. This study enrolled 66 patients with predicted SAP requiring intensive monitoring and/or treatment. Predicted SAP was defined by acute physiology, age, and chronic health evaluation (APACHE II) score ≥8 at admission [19] . All patients included in this study were admitted to hospital within 72 hours of onset of symptoms.
The diagnosis of acute pancreatitis was made based on two or more of the following: typical abdominal pain; serum amylase and/or lipase levels at least three times the upper limit of normal; and characteristic findings of acute pancreatitis on a contrast-enhanced computed tomography (CT) scan, or abdominal ultrasonography. Abdominal ultrasonography was performed for each case at presentation. Enhanced CT was performed when the disease was evaluated as predicted SAP. CT-guided aspiration was performed and bacterial cultures were obtained when infected necrosis was suspected.
Organ failure was defined as a score of ≥2 in one or more of the three (respiratory, renal, and cardiovascular) organ systems described in the modified Marshall score during the first week [20, 21] . This definition is in accordance with the most updated revised Atlanta classification [8, 9] . OF was defined as transient for duration <48 hours or persistent if >48 hours. Meanwhile, disease severity also was assessed by sequential organ failure assessment (SOFA) [22] .
Patients with a history of prior acute pancreatitis or drug history of lipid-lowering agents, and patients those receiving total parenteral nutrition at the time of blood sampling were excluded from this study. All ICU admissions were followed until discharge from the hospital or hospital mortality.
Laboratory investigations
Blood cultures and appropriate cultures from the infection focus were obtained. Hematological and biochemical data including serum lipoprotein were also collected systemically within 24 hours of admission to ICU, with a median of 3 days (IQR 2 to 4 days) after the start of symptoms and a median of 2 days (IQR 1 to 3 days) after admission to hospital. For the scoring systems, the most abnormal value for each organ system on the day of blood sampling was recorded.
A fasting blood sample was obtained in the morning. The blood samples were allowed to clot and were spun immediately in a refrigerated centrifuge. The serum was obtained and frozen at −80°C. Total cholesterol (TC) and triglyceride (TG) were measured enzymatically using kits (Wako Pure Chemical, Osaka, Japan). The concentrations of HDL and LDL were directly measured using a homogenous assay (Daiichi Pure Chemical, Ibaraki, Japan). APO A-I was measured by means of immunoturbidimetry with the TurbiTime system (Dade Behring Inc, Newark, DE, USA). The concentrations of TNF-α and IL-6 were measured by an enzyme-linked immunosorbent assay (R & D Systems, Minneapolis, MN, USA). CRP was measured by a latex-enhanced immunoturbidimetric method (Daiichi Pure Chemical).
Statistical analysis
Descriptive statistics are expressed as mean ± SD. All variables were tested for normal distribution using the Kolmogorov-Smirnov test. The Student t-test was used to compare the means of continuous variables and the normality of data distribution. Otherwise, the Mann-Whitney U-test was used. Categorical data were tested using the chi-square (χ 2 ) test. The Kruskall-Wallis test followed by Dunn's post hoc test was used for multiple comparison. Correlation between the lipid levels, cytokines and the disease severity scores was analyzed with the Spearman rank method. Discrimination was tested using the area under a receiver operating characteristic (ROC) curve (AUROC) to assess the ability of HDL cholesterol and APO A-I to predict persistent OF. ROC analysis was also performed to calculate the cutoff 
Results
Subject characteristics
During the study period, 69 consecutive patients with predicted SAP were admitted to ICU: 3 patients were excluded because of prior history of acute pancreatitis, and 66 patients were enrolled in this investigation. 
Lipid profile and mortality
The levels of HDL, and APO-A-I were significantly higher in those who survived (Table 1) , while the levels of TNF-α and IL-6 were higher in those who died. Although weak, HDL and APO A-I were inversely correlated with Ranson, APACHE II, SOFA and modified Marshall scores (Table 2 ). Among these, HDL had the strongest negative correlation with the modified Marshall score. Inflammatory cytokines were also negatively correlated with HDL, and APO A-I. Of these, HDL had the strongest inverse relationship with serum IL-6 levels. The concentrations of APO A-I and HDL decreased progressively and significantly with the number of organ failures as defined by the modified Marshall score (Figure 1 ). The discriminating power of APO A-I and HDL to predict 28day mortality was tested using the AUROC. The AUROC for APO A-I and HDL to predict 28-day mortality was 0.869 ± 0.047 (mean ± standard error of the mean (SEM)), 95% CI 0.764 to 0.940, and 0.791 ± 0.059, 95% CI 0.673 to 0.881, respectively.
Lipid profile and organ failure Table 3 lists the demographic data, clinical characteristics and lipid profiles in patient subgroups stratified by the presence of OF. The levels of total cholesterol, HDL, LDL and APO A-I were significantly lower in patients with OF, while the levels of TNF-α, IL-6 and CRP were lower in those without OF. When persistency of organ failure was not taken into account, there was no difference in mortality rates between patient with OF and those without OF (Table 3) .
HDL and APO A-I as markers to predict persistent organ failure
To further demonstrate the association among lipid profile, persistent OF and mortality, those patients with OF were sub-grouped into transient OF and persistent OF. Table 4 shows the clinical characteristics and outcomes in patient subgroups stratified by persistency of OF. The levels of total cholesterol, HDL, LDL and APO A-I were significantly lower in patients with persistent OF, while the levels of TNF-α, and IL-6 were higher in those with persistent OF. The mortality rates were significantly higher in patients with persistent OF, while ICU stay was shorter in patients with transient OF. The discriminating power of APO A-I and HDL to predict persistent OF was also tested using AUROC. When all patients with predicted SAP were analyzed, the AUROC for APO A-I and HDL to predict persistent OF was 0.898 ± 0.043 (mean ± SEM), 95% CI 0.813 to 0.983, and 0.912 ± 0.036, 95% CI: 0.842 to 0.982, respectively. There was no significant difference in discriminating power between HDL and APO A-I (P = 0.587). When those patients with OF were analyzed, the AUROC for APO A-I and HDL to predict persistent OF was 0.895 ± 0.045 (mean ± SEM), 95% CI 0.808 to 0.983, and 0.904 ± 0.037, 95% CI 0.832 to 0.976 respectively (P = 0.838). These results indicate that both HDL and APO A-I are good markers in this clinical setting. Meanwhile, we also evaluated the discriminating ability of CRP because it has been used as a biomarker to predict severity [1] . The area under ROC curve for CRP obtained by analyzing all patients or patients with OF was 0.603 ± 0.061, and 0.568 ± 0.076, respectively. Pair-wise comparisons of AUROC showed that both HDL and APO A-I gave significantly higher AUROC and thus, better predictive accuracy than CRP when analyzing all patients (P <0.001 relative to both HDL and APO A-I) or patients with OF (P <0.001 relative to both HDL and APO A-I).
The best cutoff points of HDL and APO A-I to predict persistent OF remained the same when analyzing all patients or patients with OF. Table 5 shows the predictive values of the chosen cutoff points (16.5 mg/dl for HDL, 64 mg/dl for APO A-I), which gave the best Youden index, for prediction of persistent OF. We also evaluated the performance of different scores. We found that there is no difference in discriminating power of predicting persistent OF among HDL, APO A-I and different scores (Additional file 1: Table S1 ).
Discussion
The major findings of this study are as follows: (1) low levels of APO A-I and HDL are associated with high levels of inflammatory cytokines, persistent OF, infected necrosis and hospital mortality in patients with predicted SAP admitted to ICU; (2) APO A-I and HDL can serve as biomarkers to differentiate persistent OF from transient OF in this clinical setting.
In acute patients with pancreatitis, inflammatory reaction initially takes place within the pancreas. Subsequently, inflammatory cytokines induce hepatic synthesis of acute-phase proteins and mediate distant organ failure in the setting of SAP [25] . Despite improvements in critical care, the mortality rate of SAP remains high and is closely associated with the development of persistent OF and subsequent sepsis [26] . Gut barrier failure with ensuing endotoxin translocation has been proposed as a major contributor to the development of OF in SAP [26] . Increased intestinal permeability occurs early after onset of acute pancreatitis and closely correlates with disease severity, levels of endotoxemia, and release of inflammatory cytokines, which initiate and propagate the deleterious consequences of severe inflammation, such as organ failure and mortality [26, 27] . Recently, the capability of lipoprotein to bind and neutralize endotoxin has drawn more and more attention. When endotoxin was added to normal human whole blood in vitro, the binding of endotoxin to lipoproteins displays high specificity, with HDL binding the majority of endotoxin (60%) [28] . In this regard, serum lipoprotein may represent an integral part of innate immunity against organ injury in SAP.
In addition to the ability to neutralize endotoxin, HDL has also been shown to have antioxidant and antiinflammatory properties [29] . In this regard, free radicals and oxidative stress have been implicated in the pathogenesis of acute pancreatitis and have been shown to correlate with the severity of pancreatitis [30, 31] . Consistent with previous reports on critically ill patients [32] [33] [34] , we showed that the levels of HDL and APO A-I at admission to ICU were significantly lower in nonsurvivors. We also demonstrated that the levels HDL and APO A-I were significantly lower in patients with persistent OF, while the levels of TNF-α, and IL-6 were lower in those with transient OF. Although hypolipidemia is a well-recognized phenomenon in critical illness [32, 33] , the mechanisms are incompletely understood and probably multi-factorial. Both decreased synthesis and enhanced catabolism may be involved. It has been shown that TNF-α and IL-6 can dose-dependently inhibit synthesis of apolipoprotein in hepatic cell lines [15] . On the other hand, over-expression of secretory phospholipase A2, an acute-phase protein, can induce rapid catabolism of HDL and APO A-I [35] . Taken together, high levels of inflammatory cytokines in patients with SAP may not only impair the biosynthesis of APO A-I and HDL but also facilitate the degradation of lipoprotein, rendering these patients even more susceptible to harmful consequences of inflammation. Additionally, increased levels of endotoxin in SAP may overwhelm the already impaired neutralization ability provided by low levels of HDL and APO A-I and subsequently become even more unopposed, thus perpetuating the overproduction of inflammatory cytokines. A vicious cycle ensues and leads to further failure of multiple organ functions. Agreeing with this hypothesis, we showed that serum levels of APO A-I were inversely correlated with systemic inflammatory states, which was indicated by serum levels of TNF-α and IL-6 ( Table 2 ). We also demonstrated that the concentrations of APO A-I and HDL decreased progressively as the number of organ failures increased (Figure 1 ). Another novel finding of our study is that APO A-I and HDL can differentiate persistent OF from transient OF. In this regard, the existing scoring systems have shown moderate accuracy in predicting persistent OF [36] . However, these scoring systems are cumbersome to use and appeared to have reached their maximal efficacy in this clinical setting. To improve the capability of predicting persistent OF, clinicians need to develop new approaches. In addition to recognized scoring systems, recent attention has also focused on simple biomarkers that could give predictive information [37, 38] , such as blood urea nitrogen (BUN) and creatinine. Despite these encouraging results, there are drawbacks in currently available data that these markers are not necessarily patho-physiologically linked to the development of the OF and therefore, elevation of these markers simply reflects ongoing OF. Theoretically, patho-physiologically relevant biomarkers may perform better in this clinical setting. In this regard, blood lipoprotein may provide important prognostic information and help risk stratification.
There are limitations of our study. First of all, we studied these markers in patients admitted to ICU, therefore, our results may not be generalizable in those patients with less severe illness. Second, the number of patients studied was small. Further studies with larger cohorts are needed to validate our results.
